US009213284B2

a2 United States Patent (10) Patent No.: US 9,213,284 B2

Okabayashi et al. (45) Date of Patent: Dec. 15, 2015
(54) IMAGE FORMING APPARATUS AND IMAGE USPC ......... 399/44, 45, 68, 320, 328, 335; 219/216
FORMING METHOD FOR CORRECTING See application file for complete search history.
IMAGES ON A MEDIUM ACCORDING TO A
TEMPERATURE (56) References Cited
(71)  Applicant: FUJI XEROX CO., LTD., Minato-ku, U.S. PATENT DOCUMENTS
Tokyo (JP)
6,390,696 B1* 5/2002 Cor_lcannon ..............
(72) Inventors: Yasuto Okabayashi, Kanagawa (IP); 2003%009002%;? izlz }ggég I}ihlkurotml ~~~~~~~
Yoshihiro Hayashi, Kanagawa (JP), rose etal. ...
Toshiyuki Miyata, Kanagawa (JP); 2004/0165897 Al* 82004 Hooperetal. ........... 399/44
Satoshi Nakamura, Kanagawa (JP);
Yuhei Tomita, Kanagawa (JP) FOREIGN PATENT DOCUMENTS
. JP 09237013 A * 9/1997
) ) o ) P 2009109874 A *  5/2009
(*) Notice:  Subject to any disclaimer, the term of this Jp 4310098 B2 8/2009
patent is extended or adjusted under 35 . .
U.S.C. 154(b) by 0 days. cited by examiner
(21) Appl. No.: 14/329,577 Primary Examiner — Robert Beatty
(74) Attorney, Agent, or Firm — Sughrue Mion, PLLC
(22) Filed: Jul. 11, 2014
57 ABSTRACT
(65) Prior Publication Data . . . .
An image forming apparatus includes a transport unit that
US 2015/0277317 Al Oct. 1, 2015 transports plural recording media having developer images
. . . transferred thereon, at an interval; a fixing unit that fixes the
(30) Foreign Application Priority Data developer images to the recording media transported by the
Mar. 25,2014 (JP) oo 2014-062518  fransportunit, by applying heat; a temperature measuring unit
’ that measures an ambient temperature; a speed changing unit
(51) Int.CL gla.t decrga;;sha ﬁxir};g speed of the developer idn}élgels1 in the
G03G 15/20 (2006.01) xing unit if the ambient temperature measured by the tem-
G03G 15/00 (2006.01) perature measuring unit is a preset temperature or lower, as
G03G 2120 (2006.01) compared with the fixing speed if the ambient temperature is
(52) US.CL higher than the preset temperature; and an interval changing
CPC ........ GO03G 15/2064 (2013.01); GO3G 15/2046 unit that decreases the interval if the ambient temperature is
(2013.01); GO3G 15/50 (2013.01); GO3G 21/20 the preset temperature or lower, as compared with the interval
(2013.01); GO3G 2215/2045 (2013.01) if the ambient temperature is higher than the preset tempera-
(58) Field of Classification Search ture.
CPC ....cccee. GO03G 15/2046; GO3G 21/20; GO3G
2215/2045 5 Claims, 9 Drawing Sheets
AMBIENT
TEMPERATURE
L
V1
SPEED
v2
N
TRANSPORT
INTERVAL
HIGH
HEATER
OUTPUT




U.S. Patent Dec. 15, 2015 Sheet 1 of 9 US 9,213,284 B2

FIG. 1 !

41 X X

/ = ¢
10 42 -y

I \ ! |

% 54 96
LT B

1
79K~ ! f /
) ~ 11
L-66Y
La—_ 14
20—
60
76—+
77~

TG— 58
CR‘LTA
91 2 84K 84C C 84M 102
] TB. 88
100
18—
%
‘I 13
b1 —
30t~ —— 31
N N .
\ 34 P T
O\I
36 —poo ( 32 { ~-26 |
34 P -
|
N QO On
\ ON ? C 32 |
_TQ { [|34 P
34 P




U.S. Patent Dec. 15, 2015 Sheet 2 of 9 US 9,213,284 B2

FIG. 2




U.S. Patent

Dec. 15, 2015 Sheet 3 of 9 US 9,213,284 B2
FIG. 3
20
19
S '
OPERATION
PANEL
21
H
AMBIENT
TEMPERATURE
SENSOR
87 89
— —
TRANSFER TRANSFER
SPEED SENSOR MOTOR
116 CONTROLLER 114
= —
FIXING
TEMPERATURE FIXING HEATER
SENSOR
109 107
S —
SPELD e oR FIXING MOTOR
98 39
- —
REGISTRATION
SHEET SENSOR MOTOR




U.S. Patent Dec. 15, 2015 Sheet 4 of 9 US 9,213,284 B2
FIG. 4
A
HIGH
- G1
0 B S Y
R | T
X : | G2
LLI H 1
D_ 1 1
= | |
L : !
— : . i
LOW | | -
THIN P1 P2 THICK
BASIS WEIGHT
FIG. 5
A
200 |
190 |- I G4
>~ G7
| e {
ILI_J. e T\-‘.-_~§\=~~.
X 170 |- =<, G8 G3
— ~ 's"?.:\.‘l
% 160 |~ TS V]
o oo
= \,,\.GG
— 150 — \'~(\ .
140 | G5
130 |-
T .
10 12 15 20

NIP WIDTH [mm]



U.S. Patent Dec. 15, 2015 Sheet 5 of 9 US 9,213,284 B2

FIG. 6A

L —~1
A4
Yy
N~ _U
A
y
L — T

V1

YAALA SIS LAY

V2

-~
N—""07
_—~ O
A
AN




U.S. Patent Dec. 15, 2015 Sheet 6 of 9 US 9,213,284 B2

FIG. 7
A
200 |- ;
195 |
(&) N, : G10
Pt \, |
z 190 M
= ol
= 185 | R e
LLI L s e \
o ______——_—T \
= - . '
180 - N G11
PN, -G8
175 - i \'\
A ! AN
T | | | N .
0 10 16 20 30

AMBIENT TEMPERATURE [C]



US 9,213,284 B2

Sheet 7 of 9

Dec. 15, 2015

U.S. Patent

(JLNNIN/SLIFHS) G€ | (ALANIN/SLITHS) 07 | (ILANIN/SLIIHS) OF | (ALNNIW/SLIIHS) 0% | 13FHS dHO
(3LNNIN/SLIHS) 02 | (ALNNIN/SLIIHS) 08 | (SLNNIN/SLIIHS) 004 | (FLNNIN/SLITHS) 00} | ¥3dvd A3LVOD
(3LNNIN/SLIFHS) 06 | (ILNNIN/SLIZHS) 001 | (SLNNIN/SLIAHS) 004 | (FLANIN/SLITHS) 00} | H3dvd TYWHON
HITIVAS MO wsBoog | wsBOogOLZZL | WITIVNS HO wsBgzL | HITIVINS HO wsBoog | LHOIAM SISVE
0.8) NYHL ¥3MOT 9,81 NYHL ¥3IMOT YIHOHY0 0L | FHLTCHAAL

J1dANVYXS
AAILVEVANOD

INIWIAOEINT AV IdNIX SIHL

8 Ol




US 9,213,284 B2

Sheet 8 of 9

FIG. 9

Dec. 15, 2015

U.S. Patent

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

L
HIGH |-
LO

AMBIENT
TEMPERATURE
SPEED
TRANSPORT
INTERVAL
HEATER
OUTPUT

TIME




U.S. Patent Dec. 15, 2015 Sheet 9 of 9 US 9,213,284 B2

s
142

e
N O
0 R
L
\"'\
z =
\—k 8
3 do—g
N
k -
3
R
L
)
[e @]
& >




US 9,213,284 B2

1
IMAGE FORMING APPARATUS AND IMAGE
FORMING METHOD FOR CORRECTING
IMAGES ON A MEDIUM ACCORDING TO A
TEMPERATURE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based on and claims priority in 35 USC
119 from Japanese Patent Application No. 2014-062518 filed
Mar. 25, 2014.

BACKGROUND

The present invention relates to an image forming appara-
tus and an image forming method.

SUMMARY

According to an aspect of the invention, there is provided
an image forming apparatus including a transport unit that
transports plural recording media having developer images
transferred thereon, at an interval; a fixing unit that fixes the
developer images to the recording media transported by the
transport unit, by applying heat; a temperature measuring unit
that measures an ambient temperature; a speed changing unit
that decreases a fixing speed of the developer images in the
fixing unit if the ambient temperature measured by the tem-
perature measuring unit is a preset temperature or lower, as
compared with the fixing speed if the ambient temperature is
higher than the preset temperature; and an interval changing
unit that decreases the interval if the ambient temperature is
the preset temperature or lower, as compared with the interval
if the ambient temperature is higher than the preset tempera-
ture.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the present invention will be
described in detail based on the following figures, wherein:

FIG. 1 is a general configuration diagram of an image
forming apparatus according to a first exemplary embodi-
ment;

FIG. 2 is an explanatory view showing a configuration
from a second transfer position to a fixing position according
to the first exemplary embodiment;

FIG. 3 is a block diagram showing a controller and respec-
tive units connected with the controller according to the first
exemplary embodiment;

FIG. 4 is an explanatory view showing a fixing lower-limit
temperature and a fixing temperature when the basis weight
of'a sheet is changed according to the first exemplary embodi-
ment;

FIG. 5 is an explanatory view showing the fixing lower-
limit temperature and the fixing temperature for sheets of
sheet types A and B when the width of a nip part is different
according to the first exemplary embodiment;

FIGS. 6A and 6B are explanatory views showing a state
when a fixing speed and a transport interval are changed in the
image forming apparatus according to the first exemplary
embodiment;

FIG. 7 is an explanatory view showing the fixing lower-
limit temperature and the fixing temperature when the ambi-
ent temperature is changed according to the first exemplary
embodiment;

FIG. 8 is a table showing productivity in respective condi-
tions of the ambient temperature, basis weight, and sheet
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2

type, in the image forming apparatus according to the first
exemplary embodiment, together with a comparative
example;

FIG. 9 is an explanatory view showing the speed, sheet
interval, and control condition of heater output when the
ambient temperature is changed in the image forming appa-
ratus according to the second exemplary embodiment; and

FIG. 10 is a configuration diagram of an image forming
apparatus according to a modification.

DETAILED DESCRIPTION

First Exemplary Embodiment

An example of an image forming apparatus according to a
first exemplary embodiment is described.
General Configuration

FIG. 1 shows animage forming apparatus 10 as an example
of'the first exemplary embodiment. In the following descrip-
tion, the arrow Y direction (Y direction) is the height direc-
tion, and the direction orthogonal to the Y direction and
indicated by arrow X (X direction) is the width direction in
FIG. 1. Also, the direction orthogonal to the Y direction and X
direction (Z direction) is the depth direction. Further, if one
side and the other side of each of the X direction, Y direction,
and 7 direction are required to be distinguished from each
other, the upper side is the Y side, the lower side is the -Y side,
the right side is the X side, the left side is the —X side, the far
sideis the Z side, and the near side is the —Z side, in front view
of the image forming apparatus 10 (view along the Z direc-
tion). The Y direction is the vertical direction.

The image forming apparatus 10 includes an apparatus
body 11 serving as a housing formed of plural frame mem-
bers. Also, the image forming apparatus 10 includes a sheet
housing unit 12 that houses a sheet P as an example of a
recording medium, a main operation unit 14 that forms an
image on the sheet P, and a document reading unit 16 that
reads a document (not shown). Further, the image forming
apparatus 10 includes a feed unit 18 that feeds the sheet P to
the respective units, a controller 20 that is provided in the
main operation unit 14 and controls operations of the respec-
tive units of the image forming apparatus 10, and an operation
panel 19 (see FIG. 3) with which various information is input.
The controller 20 is an example of a speed changing unit and
an interval changing unit.

Sheet Housing Unit

The sheet housing unit 12 includes a first housing part 22,
a second housing part 24, a third housing part 26, and a fourth
housing part 28 that may house sheets P of different types
(including sizes, basis weights, and materials). The first hous-
ing part 22, the second housing part 24, the third housing part
26, and the fourth housing part 28 each include a send roller
32 that sends the housed sheets P one by one, and a transport
roller 34 that transports the sent sheet P to a transport path 30
arranged in the image forming apparatus 10. In this exem-
plary embodiment, the sheet P even includes an OHP sheet.
Feed Unit

The feed unit 18 is arranged in a downstream portion of the
transport path 30 with respect to the transport roller 34, and
includes plural transport rollers 36 that transports the sheets P
one by one. Further, a registration roller 38, as an example of
the interval changing unit, is provided downstream of the
transport rollers 36 in a transport direction of the sheet P.

The registration roller 38 is driven by a registration motor
39 (see FIG. 3). The rotation operation and stop operation of
the registration motor 39 are controlled by the controller 20.
The registration roller 38 executes registration for transfer-
ring an image (described later) and changes a transport inter-
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val L1 (see FIG. 6A, described later) of the sheet P by tem-
porarily stopping the sheet P and sends the sheet P to a second
transfer position TB in association with the movement of an
intermediate transfer belt 82. The registration motor 39 is an
example of the interval changing unit.

The upstream portion of the transport path 30 extends
straight in the arrow Y direction from the —X side of the sheet
housing unit 12 to the lower portion at the -X side of the main
operation unit 14 in front view of the image forming appara-
tus 10. Also, the downstream portion of the transport path 30
extends from the lower portion at the -X side of the main
operation unit 14 to a sheet output part 13 provided at the
lower portion at the X side of the main operation unit 14.
Further, a duplex transport path 31 is connected to the trans-
port path 30. The sheet P is transported and reversed in the
duplex transport path 31 for image formation on both surfaces
of'the sheet P. The transport direction of the sheet P when the
duplex transport is not executed is indicated by arrow A.

The duplex transport path 31 includes a reverse part 33 that
reverses the sheet P and a send part 35 that sends the reversed
sheet P to the transport path 30. The reverse part 33 extends
straight in the arrow Y direction from the lower portion at the
X side of the main operation unit 14 to the X side of the sheet
housing unit 12 in front view of the image forming apparatus
10. The send part 35 is provided at the bottom of the main
operation unit 14. The trailing edge of the sheet P transported
to the reverse part 33 enters the send part 35, and the send part
35 sends the sheet P to the transport path 30. The transport
direction ofthe sheet P in the sent part 35 is indicated by arrow
B.

The downstream end portion of the send part 35 is con-
nected to the transport path 30 at the upstream side of the
registration roller 38 by a guide member (not shown). In FI1G.
1, a switch member that switches the path between the trans-
port path 30 and the duplex transport path 31, and a switch
member that switches the path between the reverse part 33
and the send part 35 are not illustrated.

Document Reading Unit

The document reading unit 16 includes a document tray 41
on which plural documents (not shown) are placed, a platen
glass 42 on which a single document is placed, a document
reading device 44 that reads the document placed on the
platen glass 42, and a document output part 43 to which the
read document is output.

The document reading device 44 includes a light irradia-
tion unit 46 that irradiates the document placed on the platen
glass 42 with light, and a single full-rate mirror 48 and two
half-rate mirrors 52 that cause reflection light reflected from
the document to be reflected and folded back in a direction
parallel to the platen glass 42. Further, the document reading
device 44 includes an imaging lens 54 on which the reflection
light folded back by the full-rate mirror 48 and the half-rate
mirror 52 enters, and a photoelectric conversion element 56
that converts the reflection light focused by the imaging lens
54 into an electric signal.

The electric signal converted by the photoelectric conver-
sion element 56 is image-processed by an image processing
device (notshown), and is used for image formation. Also, the
full-rate mirror 48 moves by full rate along the platen glass
42, and the half-rate mirrors 52 move by half rate along the
platen glass 42.

Operation Panel

The operation panel 19 shown in FIG. 3 includes a touch
panel (not shown). With this touch panel, various setting, such
as the basis weight, material, and size of the sheet P, use or
non-use of other recording medium, the number of image
forming sheets, and execution or non-execution of duplex
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image formation, is made. Also, various information set (in-
put) with the operation panel 19 is set to the controller 20.
Main Operation Unit

The main operation unit 14 shown in FIG. 1 includes an
image forming device 60 that forms a toner image TG as an
example of a developer image on a sheet P, and a fixing device
100 as an example of a fixing unit that fixes the toner image
TG formed on the sheet P by the image forming device 60 to
the sheet P by heat and pressure. Also, the main operation unit
14 includes an ambient temperature sensor 21 as an example
of a temperature measuring unit.

Ambient Temperature Sensor

The ambient temperature sensor 21 has a measurement
surface (not shown) that is exposed to the outside of the
apparatus body 11, so that the ambient temperature sensor 21
measures the temperature outside the image forming appara-
tus 10 (hereinafter, referred to as ambient temperature). Also,
the ambient temperature sensor 21 measures, for example, the
humidity outside the image forming apparatus 10. The tem-
perature information and humidity information measured by
the ambient temperature sensor 21 is sent to the controller 20.
Image Forming Device

The image forming device 60 includes image forming units
64Y, 64M, 64C, and 64K respectively having image holding
members 62Y, 62M, 62C, and 62K corresponding to respec-
tive toners of yellow (Y), magenta (M), cyan (C), and black
(K). The image forming device 60 also includes exposure
units 66K, 66C, 66M, and 66Y that emit light beams Bm to
the outer peripheral surfaces of the image holding members
62K, 62C, 62M, and 62Y and hence expose the outer periph-
eral surfaces of the image holding members 62K, 62C, 62M,
and 62Y to light. Further, the image forming device 60
includes a transfer unit 68 that transfers toner images TG
formed by the image forming units 64K, 64C, 64M, and 64Y
on a sheet P.

In the following description, if'Y, M, C, and K are required
to be distinguished from each other, description is given while
adding any of the alphabetical characters of Y, M, C, and K
after the number. For the similar configurations, if Y, M, C,
and K are not required to be distinguished from each other, the
indication of Y, M, C, and K is omitted.

The exposure unit 66 emits the light beam Bm correspond-
ing to the toner of each color to the image holding member 62
by providing scanning with the light beam Bm emitted from
a light source (not shown) with use of a polygonal mirror
(reference sign omitted), and by reflecting the light beam Bm
by plural optical components including a reflection mirror.
Also, the image holding member 62 is provided at the -Y side
of the exposure unit 66.

The image forming unit 64 includes the image holding
member 62 being columnar and rotatable, and a charging unit
72, a developing unit 74, and a cleaning member 76 arranged
in that order from the upstream side to the downstream side in
the rotation direction of the image holding member 62 to face
the outer peripheral surface of the image holding member 62.
The charging unit 72 and the developing unit 74 are arranged
so that the light beam Bm is emitted on the outer peripheral
surface of the image holding member 62, at a position
between the charging unit 72 and the developing unit 74.
Also, the intermediate transfer belt 82 (described later) con-
tacts the outer peripheral surface of the image holding mem-
ber 62, at a position between the developing unit 74 and the
cleaning member 76.

The image holding member 62 is rotatable by driving of a
motor (not shown). The charging unit 72 is formed of, for
example, a corotron charging unit that charges the outer
peripheral surface of the image holding member 62 to have
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the same polarity as that of the toner by corona discharge by
applying a voltage to a wire. The outer peripheral surface of
the charged image holding member 62 is irradiated with the
light beam Bm in accordance with image data, and hence a
latent image (electrostatic latent image) is formed.

The developing unit 74 houses a developer G in which
carrier particles made of a magnetic substance are mixed with
a minus-charged toner, and has a cylindrical developing
sleeve in which a magnet roller (not shown) having plural
magnetic poles in the peripheral direction is provided. In the
developing unit 74, when the developing sleeve rotates, a
magnetic brush is formed at a portion where the developing
unit 74 faces the image holding member 62.

Further, the developing unit 74 forms the toner image TG
(developer image) by causing the latent image on the outer
peripheral surface of the image holding member 62 to appear
because a developing bias is applied to the developing sleeve
by a voltage applying unit (not shown). A toner is fed to each
developing unit 74 from a corresponding toner cartridge 79
provided above the image forming device 60.

The cleaning member 76 includes a cleaning blade that
contacts the outer peripheral surface of the image holding
member 62. The cleaning blade scrapes the toner remaining
on the outer peripheral surface of the image holding member
62 and the cleaning member 76 collects the scraped toner.
Also, the intermediate transfer belt 82 is provided down-
stream of the developing unit 74 in the rotation direction of
the image holding member 62. The toner image developed by
the developing unit 74 is first-transferred on the intermediate
transfer belt 82.

The transfer unit 68 includes the endless intermediate
transfer belt 82, a first transfer roller 84 that first-transfers the
toner image from each image holding member 62 on the
intermediate transfer belt 82, and a second transfer roller 86
that second-transfers the toner images TG superposed on the
intermediate transfer belt 82 on a sheet P. The second transfer
roller 86 is, for example, arranged outside the intermediate
transfer belt 82. The second transfer roller 86 and an auxiliary
roller 88, which is arranged inside the intermediate transfer
belt 82, pinch the intermediate transfer belt 82. It is assumed
that a position at which the intermediate transfer belt 82 is
pinched between the image holding member 62 and the first
transfer roller 84 is a first transfer position TA, and a position
at which the intermediate transfer belt 82 is pinched between
the second transfer roller 86 and the auxiliary roller 88 is the
second transfer position TB.

A driving roller 83 that is rotationally driven, and plural
transport rollers 85 that are rotatably provided are arranged
inside the intermediate transfer belt 82. The intermediate
transfer belt 82 is wound around the first transfer rollers 84K,
84C, 84M, and 84Y, the driving roller 83, the transport rollers
85, and the auxiliary roller 88. Accordingly, when the driving
roller 83 rotates counterclockwise in the drawing, the inter-
mediate transfer belt 82 moves in a circulation manner in a
direction indicated by arrow C (counterclockwise).

The driving roller 83 is driven by a transfer motor 89 (see
FIG. 3). The rotation operation and stop operation of the
transfer motor 89 are controlled by the controller 20. If the
transport interval L1 (see FIG. 6A, described later) of the
sheets P is changed, the controller 20 changes the moving
speed of the intermediate transfer belt 82 in accordance with
the transport interval 1. The moving speed of the interme-
diate transfer belt 82 is a process speed when the toner image
TG is transferred on the sheet P. Also, the driving roller 83 and
the transfer motor 89 are examples of the interval changing
unit.

10

15

20

25

30

35

40

45

50

55

60

65

6

To be specific, a transfer speed sensor 87 (see FIG. 3) that
measures the moving speed of the intermediate transfer belt
82 is provided outside the intermediate transfer belt 82. The
transfer speed sensor 87 is, for example, a reflection optical
sensor including a pair of a light-emitting unit and a light-
receiving unit (not shown). Also, the transfer speed sensor 87
irradiates reflective members (not shown), which are fixed to
the outer peripheral surface of the intermediate transfer belt
82, with light, and measures the time between first-time
reception of light from the reflective member and second-
time reception of light from the reflective member.

Herein, by dividing the arrangement interval (distance) of
the reflective members by the measured time, the moving
speed of the intermediate transfer belt 82 is measured. Also,
the controller 20 changes the rotating speed of the transfer
motor 89 (the moving speed of the intermediate transfer belt
82) so that the moving speed measured by the transfer speed
sensor 87 and the preset moving speed approaches to 0. The
transport interval L1 (see FIG. 6A) is a distance from the
trailing edge of a certain sheet P to the leading edge of the next
sheet P in the transport direction of the sheets P. Also, the
moving speed of the intermediate transfer belt 82 at the first
transfer position TA and the second transfer position TB is
called transfer speed.

The first transfer roller 84 has, for example, a configuration
in which an elastic layer (not shown) is formed around a
columnar shaft made of metal such as stainless steel. Both
ends of the shaft are supported by bearings and hence the first
transfer roller 84 is rotatable. Also, a voltage (positive volt-
age) having the reversed polarity reversal to the polarity of the
toner is applied to the shaft of the first transfer roller 84 from
a power supply (not shown).

The second transfer roller 86 has a configuration similar to
that of the first transfer roller 84. The second transfer roller 86
is arranged downstream of the registration roller 38 on the
transport path 30, and is rotatably provided. Also, the second
transfer roller 86 contacts the outer peripheral surface of the
intermediate transfer belt 82 at the aforementioned second
transfer position TB.

Also, the second transfer roller 86 is grounded. The auxil-
iary roller 88 forms a counter electrode of the second transfer
roller 86. A second transfer voltage is applied to the auxiliary
roller 88 through a power supply roller (not shown) made of
metal and arranged in contact with the outer peripheral sur-
face of the auxiliary roller 88. When the second transfer
voltage (negative voltage) is applied to the auxiliary roller 88
and a potential difference is generated between the auxiliary
roller 88 and the second transfer roller 86, the toner image TG
on the intermediate transfer belt 82 is second-transferred on
the sheet P transported to the second transfer position TB.

A home position sensor (not shown) is provided outside the
intermediate transfer belt 82. The home position sensor gen-
erates a reference signal serving as the reference for synchro-
nization of the image formation timings of the image forming
units 64Y, 64M, 64C, and 64K. This reference sensor gener-
ates the reference signal when recognizing a mark provided
on the back surface of the intermediate transfer belt 82. The
image forming units 64Y, 64M, 64C, and 64K start image
formation in response to an instruction from the controller 20
based on the recognition of this reference signal. Also, an
image density sensor 77 is provided downstream of the image
forming unit 64K. The image density sensor 77 adjusts the
image quality (for example, color correction) of the toner
image TG.

A transport unit 90 is provided downstream of the second
transfer roller 86 (second transfer position TB) in the moving
direction of the sheet P. The transport unit 90 serves as an
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example ofa transport unit that transports the sheet P after the
second transfer of the toner image TG is completed, to the
fixing device 100.

In the image forming apparatus 10, if the transport interval
L1 (see FIG. 6A) of the sheets P is decreased, the process
speed in the image forming device 60 is increased, and the
send timing of the sheet P to the second transfer position TB
by the registration roller 38 is advanced. In contrast, in the
image forming apparatus 10, ifthe transport interval L1 of the
sheets P is increased, the process speed in the image forming
device 60 is decreased, and the send timing of the sheet P to
the second transfer position TB by the registration roller 38 is
delayed.

Configuration of Major Section

Next, the transport unit 90, the fixing device 100, and the
controller 20 are described.
Transport Unit

As shown in F1G. 2, the transport unit 90 includes a support
roller 92, a driving roller 94, a transport belt 96 wound around
the support roller 92 and the driving roller 94, a sheet sensor
98 that detects a sheet P, and a suction unit (not shown). The
support roller 92 and the driving roller 94 are provided at an
interval in the transport direction (arrow A direction) of the
sheet P, and are provided rotatably while the Z direction
defines the axial direction. Also, the rotation operation and
stop operation of the driving roller 94 are controlled by the
controller 20 (see FIG. 1). To be specific, the driving roller 94
is controlled so that the transport speed of the sheet P by the
transport belt 96 is equal to the transport speed of the sheet P
by a fixing belt 102 (described later).

The transport belt 96 has plural through holes (not shown)
penetrating therethrough in the thickness direction. The suc-
tion unit (not shown) is provided inside the transport belt 96.
Hence, the inside of the through holes becomes the negative-
pressure state when the suction unit performs the suction
operation. The sheet P is transported to the fixing device 100
while being sucked to the outer peripheral surface of the
rotating transport belt 96. If continuous image formation is
performed, plural sheets P are transported by the transport
unit 90 at the aforementioned transport interval.

The sheet sensor 98 is provided, for example, at a position
between the second transfer position TB and a fixing position
Q (described later) on the transport path 30, at the Y side of the
support roller 92 and the transport belt 96, at a position facing
a center portion in the Z direction of the transport belt 96.
Also, the sheet sensor 98 is, for example, a reflection optical
sensor including a pair of a light-emitting unit and a light-
receiving unit (not shown). The sheet sensor 98 detects the
presence of the sheet P in accordance with reception or non-
reception of light by the light-receiving unit. Further, the
sheet sensor 98 sends the information indicative of the
detected sheet presence to the controller 20 (see FIG. 3).
Fixing Device

As shown in FIG. 2, the fixing device 100 includes, for
example, the fixing belt 102 that fixes the toner image TG
transferred (formed) on the sheet P, and a pressure roller 104
that presses the sheet P to the fixing belt 102. The transport
speed of the sheet P at a nip part N (described later) is called
fixing speed.

The fixing belt 102 is, for example, an endless belt made of
polyimide. Two roller members 106 and 108 that are rotatable
while the Z direction defines the axial direction, and a pad
member 112 are provided inside the fixing belt 102. The pad
member 112 is provided at a position facing the pressure
roller 104 with the fixing belt 102 interposed therebetween.
Also, the fixing belt 102 is wound around the roller members
106 and 108, and the pad member 112.
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The roller member 106 is rotationally driven in the shown
arrow D direction by a fixing motor 107 (see FIG. 3) as an
example of the speed changing unit. Also, the peripheral
velocity of the roller member 106 (peripheral velocity of the
fixing belt 102) is measured by a fixing speed sensor 109 (see
FIG. 3). The controller 20 (see FIG. 3) controls the rotation
operation of the fixing motor 107 so that the peripheral veloc-
ity of the fixing belt 102 becomes a preset speed based on
fixing speed information sent from the fixing speed sensor
109. The fixing speed sensor 109 measures the fixing speed
by using, for example, a rotary encoder.

The roller members 106 and 108, and the pad member 112
include respective fixing heaters 114 therein. The fixing heat-
ers 114 each include, for example, a halogen lamp. Also, a
fixing temperature sensor 116 that measures the temperature
of'the fixing belt 102 is provided at a position facing the roller
member 108 with the fixing belt 102 interposed therebe-
tween. The fixing temperature sensor 116 is, for example, a
non-contact (infrared detection) temperature sensor. The
temperature of the fixing belt 102 measured by the fixing
temperature sensor 116 is sent to the controller 20 (see FIG.
3). The controller 20 controls heating or stop of heating by the
fixing heater 114 based on the difference between the tem-
perature information from the fixing temperature sensor 116
and the preset temperature.

The pressure roller 104 has, for example, a configuration in
which an elastic layer made of silicone rubber and a release
layer made of fluorocarbon resin are laminated on the outer
peripheral surface of a cylindrical core metal made of alumi-
num. In the following description, a part of the fixing belt 102
pinched between the pad member 112 and the pressure roller
104 and receiving a load is called nip part (contact part) N.
Also, the center position of the nip part N in the transport
direction (arrow A direction) of the sheet P is called fixing
position Q.

A guide member 118 that supports the sheet P is provided
between the transport belt 96 and the nip part N in the trans-
port direction of the sheet P. Also, a guide member 119 that
supports the sheet P is provided downstream of the nip part N
in the transport direction of the sheet P.

In this exemplary embodiment, for example, the length in
the transport direction of the sheet P to be transported is
longer than the distance between the second transfer position
TB and the fixing position Q. In this exemplary embodiment,
as shown in FIG. 6A, the transport interval of the sheets P in
a normal environment is L1.

Controller

The controller 20 shown in FIGS. 1 and 3 is formed as a
computer that executes control and various calculations of the
entire image forming apparatus 10. That is, the controller 20
includes a central processing unit (CPU), a read only memory
(ROM) storing various programs, a random access memory
(RAM) used when a program is executed, a non-volatile
memory storing various information, and an input/output
interface. The illustration of the CPU, ROM, RAM, non-
volatile memory, and input/output interface is omitted.

Also, as described above, the controller 20 receives infor-
mation, such as the type ofthe sheet P (basis weight, material,
size, etc.), the number of image forming sheets, and execution
or non-execution of duplex image formation, input with the
operation panel 19. Further, the controller 20 has plural table
(not shown) having ambient preset temperatures TS (not
shown), each of which is the plural ambient temperature
serving as the threshold for change of control and is set for
each of respective types of sheets P.

The controller 20 sets (ambient preset temperature TS)=18
[° C.] for normal paper, coated paper, and an OHP sheet. Also,
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the controller 20 sets, for example, an ambient preset tem-
perature TS higher than 18 [* C.] and an ambient preset
temperature TS lower than 18 [° C.] in accordance with the
basis weight. Alternatively, the ambient preset temperature
TS may not be different in accordance with the basis weight.
The ambient preset temperature TS may be different in accor-
dance with the material or size of the sheet P.

In this exemplary embodiment, for example, (ambient pre-
set temperature TS)=16 [® C.] is set if the basis weight is 177
[gsm] or larger, and (ambient preset temperature TS)=10 [°
C.] is set if the basis weight is smaller than 177 [gsm]. The
controller 20 selects the ambient preset temperature TS in
accordance with the basis weight of the sheet P selected with
the operation panel 19. The ambient preset temperature TS
selected at this time is a selection temperature. Alternatively,
the temperature of the ambient preset temperature TS may be
set at a temperature different from these temperatures.

In addition, the controller 20 controls the operations of the
transfer motor 89 and the fixing motor 107 so that the transfer
speed and fixing speed are decreased as compared with those
in the normal environment if the ambient temperature mea-
sured by the ambient temperature sensor 21 becomes a low
temperature lower than the selected ambient preset tempera-
ture TS. It is assumed that the transfer speed and fixing speed
in the normal environment is V1, and the transfer speed and
fixing speed in a low-temperature environment is V2 (<V1).
Further, the controller 20 controls the operation of the regis-
tration motor 39 inresponse to a decrease in the transfer speed
and fixing speed, and decreases the transport interval L1 (see
FIG. 6A) of the sheets P before the fixing to a transport
interval L2 (see FIG. 6B).

By decreasing the transfer speed, the period for color cor-
rection by the image processor (not shown) based on the
output of the image density sensor 77 (see FIG. 1) is ensured.
Hence, in this exemplary embodiment, since the color cor-
rection is accurately executed even if the transport interval of
sheets P is decreased, the transport interval is decreased from
L1toL2.

Fixing Lower-Limit Temperature and Fixation

Next, the fixing lower-limit temperature and fixation of the
fixing device 100 are described.

FIG. 4 shows the fixing lower-limit temperature (graph G1
indicated by solid line) and the fixing temperature (graph G2
indicated by a dotted-chain line) when the basis weight of the
sheet P is changed. The basis weight is obtained by the mea-
suring method for basis weight of JIS P-8124. Also, the unit of
basis weight is [¢/m?]; however, the unit is written as [gsm] in
the following description.

The fixing lower temperature is a fixing temperature that is
the minimum requirement for the fixing belt 102 (see FIG. 2)
to provide the fixation without any practical problem of the
toner image TG to the sheet P after the fixing.

The fixing temperature represents the temperature of the
fixing belt 102 when the toner image TG is fixed while plural
sheets P are continuously transported (for example, 100
sheets P are transported per 1 minute) and heat is taken by the
sheets P.

As shown in graph G1, the fixing lower-limit temperature
is increased as the basis weight of the sheet P is increased
(becomes thick). That is, as the thickness of the sheet P is
increased, the amount of heat required for fixing the toner
image TG is increased. The increase ratio of the fixing lower-
limit temperature is large until a basis weight P2; however, the
increase ratio is small for the basis weight P2 or larger.

As shown in graph G2, the fixing temperature is decreased
as the basis weight of the sheet P is increased (becomes thick).
That is, as the thickness of the sheet P is increased, the amount
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otheat absorbed by the fixing belt 102 is increased. The fixing
temperature is decreased. The decrease ratio of the fixing
temperature is large until the basis weight P2; however, the
decrease ratio is small for the basis weight P2 or larger.

In FIG. 4, it is assumed that the intersection between graph
G1 and graph G2 is the basis weight P2, and (fixing lower-
limit temperature with basis weight P2)=(fixing temperature)
=T2. Also, itis assumed that when P1 is a basis weight smaller
than the basis weight P2, (fixing lower-limit temperature with
basis weight P1)=T1, and T3 is the fixing temperature,
T1<T2<T3 is established.

Herein, if the fixing temperature is the fixing lower-limit
temperature or higher, the fixation does not have any practical
problem. However, there is actually a measurement error in
the temperature of the fixing belt 102, and hence even if the
sheet P with the basis weight P2 satistying (fixing tempera-
ture)=(fixing lower-limit temperature) is used, the fixation
may not be ensured.

In contrast, if the sheet P with the basis weight P1 is used,
there is a temperature margin (T3-T1). Hence, if the margin
(T3-T1) becomes larger than the measurement error of the
fixing temperature sensor 116 (see FIG. 3), the fixation is
ensured.

Fixing Lower-Limit Temperature and Nip Width

Next, the relationship between the fixing lower-limit tem-
perature and the nip width in the fixing device 100 is
described.

FIG. 5 shows respective temperatures when the nip width
of the nip part N (see FIG. 2) is changed in the normal
environment and the low-temperature environment for the
fixing lower-limit temperature of a sheet type A and a sheet
type B of sheets P and for the temperature of the fixing belt
102 (see FIG. 2). The sheet type A is, for example, Elite Gloss
300 [gsm]| manufactured by Fuji Xerox Co., Ltd., and the
sheet type B is, for example, OK topcoat 127 [gsm| manu-
factured by Oji Paper Co., Ltd. Also, in FIG. 5, the normal
environment is an environment in which the ambient tem-
perature is 22 [° C.] and the humidity is 55 [%], and the
low-temperature environment is an environment in which the
ambient temperature is 16 [° C.] and the humidity is 15 [%],
for an example of conditions.

Graph G3 is the fixing lower-limit temperature of the sheet
type A in the normal environment, and graph G4 is the fixing
lower-limit temperature of the sheet type A in the low-tem-
perature environment. Graph G5 is the fixing lower-limit
temperature of the sheet type B in the normal environment,
and graph G6 is the fixing lower-limit temperature of the sheet
type B in the low-temperature environment. Graph G7 is the
lowest temperature of the fixing belt 102 (see FIG. 2) after the
toner image TG is fixed to the plural sheets P of the sheet type
A while continuously transporting the sheets P and the heat is
taken to the sheets P in the normal environment. Graph G8 is
the lowest temperature of the fixing belt 102 after the toner
image TG is fixed to the plural sheets P of the sheet type A
while continuously transporting the sheets P and the heat is
taken to the sheets P in the low-temperature environment.

In FIG. 5, if the fixing temperature of the fixing belt 102 is
higher than the fixing lower-limit temperature of each sheet P
in the normal environment and the low-temperature environ-
ment, the fixation is ensured. Herein, if the nip width is
changed to, for example, 12 [mm], 15 [mm], and 20 [mm], the
fixation for the sheet type B is ensured in the normal environ-
ment and the low-temperature environment. However,
although the fixation of the sheet type A is ensured in the
normal environment, the fixation is not ensured in the low-
temperature environment (state in which graph G4 is located
at the high-temperature side of graph G8).
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A sheet type, such as the sheet type A, the fixation of which
is not ensured in the low-temperature environment, the fixa-
tion is ensured if the fixing temperature of the fixing belt 102
is increased. However, if the heating temperature of the fixing
belt 102 is simply increased to increase the lowest tempera-
ture of the fixing belt 102, the interface temperature of the
core metal and the elastic layer in the pressure roller 104 is
excessively increased, and as the result, the elastic layer may
come off, or the curl amount of the sheet P may be increased.
Hence, in this exemplary embodiment, when the low-tem-
perature environment (the aforementioned ambient preset
temperature TS or lower) is attained, the controller 20
decreases the fixing speed of the fixing belt 102, so that the
heat amount given to the toner image TG is increased.
Operation

Next, the operation according to the first exemplary
embodiment is described.

Operation of General Configuration

In the image forming apparatus 10 shown in FIG. 1, when
an image is formed on a sheet P, the respective image holding
members 62 are charged by the charging unit 72, and exposed
to light with the light beams Bm emitted from the exposure
units 66 in accordance with image data. Hence, electrostatic
latent images are formed on the image holding members 62.

Then, the electrostatic latent images formed on the outer
peripheral surfaces of the respective image holding members
62 are developed by the developing units 74 into toner images
of'the respective colors of yellow (Y), magenta (M), cyan (C),
and black (K). Then, the toner images formed on the surfaces
of' the respective image holding members 62 are successively
transferred on the intermediate transfer belt 82 at the first
transfer positions TA in a superposed manner. Then, the toner
images TG transferred in a superposed manner on the inter-
mediate transfer belt 82 are second-transferred on a sheet P,
which is transported through the transport path 30, at the
second transfer position TB.

Then, the sheet P with the toner images TG transferred
thereon is transported to the fixing device 100 by the transport
belt 96. Then, in the fixing device 100, the toner images TG on
the sheet P are fixed to the sheet P by applying heat and
pressure. The sheet P with the toner images TG fixed thereto
is output to, for example, the sheet output part 13. In this way,
a series of image forming steps is executed. Meanwhile, if a
toner image TG is formed on a non-image surface without an
image (in the case of duplex image formation), the image is
fixed on the front surface by the fixing device 100, then the
sheet P is sent to the duplex transport path 31, and the image
formation and fixing are executed on the back surface.
Operation of Major Section

In the image forming apparatus 10 shown in FIG. 1, the
controller 20 selects the ambient preset temperature TS (not
shown) in accordance with the type of the sheet P set with the
operation panel 19 (see FIG. 3). If the ambient temperature
measured by the ambient temperature sensor 21 is [* C.], the
controller 20 recognizes the normal environment.

Then, when the image forming apparatus 10 starts the
image forming operation, as shown in FIG. 6 A, the controller
20 controls the transfer operation and fixing operation in the
state of (transfer speed)=(fixing speed)=V1 and (transport
interval of sheets P)=1.

In contrast, in the image forming apparatus 10, if the ambi-
ent temperature measured by the ambient temperature sensor
21 is 16 [° C.] (lower than 18 [° C.]), the controller 20
recognizes the low-temperature environment.

FIG. 7 shows the fixing lower-limit temperature of a sheet
P (for example, the aforementioned sheet type A) and the
fixing temperature of the fixing belt 102 when the ambient
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temperature is changed. Specifically, graph G9 (dotted-chain
line) in the drawing indicates the fixing lower-limit tempera-
ture, graph G10 (plot with diamond shapes and solid line)
indicates the fixing temperature of the fixing belt 102, and
graph G11 (broken line parallel to graph 10) indicates the
temperature lower than the fixing temperature by 5 [° C.].

In FIG. 7, when the ambient temperature is 16 [° C.], the
temperature of graph G9 and the temperature of graph G11
have very close values. The fixation with regard to the margin
is barely enough for fixing. In this case, the controller 20 (see
FIG. 3) causes the transfer operation and fixing operation to
be executed in the state of (transfer speed)=(fixing speed)=V?2
(<V1) as shown in FIG. 6B to increase the heat amount given
to the toner image TG (see FIG. 2). Accordingly, the fixing
temperature at the fixing belt 102 becomes higher than the
fixing lower-limit temperature of the sheet P (for example,
becomes higher by 5 [° C.] or more for the margin), and the
fixation of the toner image TG to the sheet P in the low-
temperature environment is ensured.

Further, the controller 20 changes the send interval of the
sheets P to the second transfer position TB by the registration
roller 38 shown in FIG. 1 so that (transport interval of sheets
P)=L2 (<L1) is established in response to the change in the
transfer speed and fixing speed. Accordingly, as shown in
FIGS. 6A and 6B, in the low-temperature environment, the
transfer speed and fixing speed are decreased; however, the
number of image forming sheets per unit time (hereinafter,
called productivity) becomes a value close to the productivity
in the normal environment. The unit of the productivity is
expressed by [sheets/minute]. In this way, in the image form-
ing apparatus 10, a decrease in productivity in the low-tem-
perature environment is restricted.

Herein, for example, when the productivity in the normal
environment is compared with the productivity in the low-
temperature environment, the result shown in FIG. 8 is
obtained. The productivity under the condition that the envi-
ronment is the normal environment and the basis weight of'a
sheet P is 300 [gsm] or smaller is 100 [sheets/minute] for
normal paper, 100 [sheets/minute] for coated paper, and 40
[sheets/minute]| for OHP sheets.

Also, as a comparative example, if the transport interval of
sheets P in the low-temperature environment is not decreased,
the productivity is as follows: 90 [sheets/minute] for normal
paper, 70 [sheets/minute] for coated paper, and 35 [sheets/
minute] for OHP sheets.

In contrast, in this exemplary embodiment, the productiv-
ity under the condition that the environment is the low-tem-
perature environment and the basis weight of a sheet P is 176
[gsm] or smaller is 100 [sheets/minute] for normal paper, 100
[sheets/minute] for coated paper, and 40 [sheets/minute] for
OHP sheets, by decreasing the transport interval. Further, the
productivity under the condition that the environment is the
low-temperature environment and the basis weight of a sheet
P is in a range from 177 [gsm] to 300 [gsm] is 100 [sheets/
minute] for normal paper, 80 [sheets/minute] for coated
paper, and 40 [sheets/minute] for OHP sheets. As described
above, with the image forming apparatus 10 according to this
exemplary embodiment, it is found that the productivity close
to the normal environment is obtained even in the low-tem-
perature environment, as compared with the comparative
example.

Also, in the image forming apparatus 10, the controller 20
selects the ambient preset temperature TS in accordance with
the type of sheets P. For example, if the basis weight is large,
atemperature higher than the normal ambient preset tempera-
ture TS is selected as the threshold, and if the basis weight is
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small, a temperature lower than the normal ambient preset
temperature TS is selected as the threshold.

Accordingly, if a sheet P with a large basis weight (absorb-
ing heat by a large heat amount) is used, the ambient preset
temperature TS higher than the normal state is selected, and
the transfer speed and fixing speed are decreased in an early
phase when the ambient temperature is decreased. Accord-
ingly, the heat amount required for fixing is obtained, and the
fixation of the toner image TG is ensured.

In contrast, if a sheet P with a small basis weight (absorbing
heat by a small heat amount) is used, the ambient preset
temperature TS lower than the normal state is selected, and
the transfer speed and fixing speed are decreased in a late
phase when the ambient temperature is decreased. That is, the
transfer speed and fixing speed are not decreased until the
ambient temperature becomes lower than the normal ambient
preset temperature TS. Hence, the decrease in productivity in
the low-temperature environment is restricted.

Second Exemplary Embodiment

Next, an example of an image forming apparatus according
to a second exemplary embodiment is described. The same
reference sign is applied to the basically same member or
portion as that of the first exemplary embodiment, and the
description is omitted.

As shown in FIG. 9, an image forming apparatus 10
according to the second exemplary embodiment is similar to
the first exemplary embodiment in that the speed (transfer
speed and fixing speed) is changed to V1 or V2 and the
transport interval is changed to L1 or [.2 while the ambient
preset temperature TS (ambient temperature) serves as the
threshold.

However, the image forming apparatus 10 according to the
second exemplary embodiment is different from the first
exemplary embodiment in that an ambient lower-limit tem-
perature TL lower than the ambient preset temperature TS is
set, and the heater output (output of the fixing heater 114 (see
FIG. 3)) is changed to .0 or HIGH while the ambient lower-
limit temperature TL serves as the threshold.

Operation

Next, the operation according to the second exemplary
embodiment is described. FIGS. 1, 2, and 3 are referenced for
respective members and parts, and description of reference
signs for the respective members is omitted.

InFIG. 9, assuming that times are t1<t2<t3<t4, the ambient
temperature is TS at time t1, is TL at time t2 and time t3, and
is TS at time t4. The speed (transfer speed and fixing speed) is
decreased from V1 to V2 at time tl, is V2 from tl to t4, and is
increased from V2 to V1 at time t4. The transport interval is
decreased from L1 to L2 at time t1, is L2 from time t1 to time
t4, and is increased from [.2 to L1 at time t4. The heater output
is L0 until time t2, is increased from 1.0 to HIGH at time t2, is
HIGH until time t3, is decreased from HIGH to L0 at time t3,
and is L0 at time t4.

That is, in the image forming apparatus 10 according to the
second exemplary embodiment, if the ambient temperature
measured by the ambient temperature sensor 21 becomes
lower than the ambient preset temperature TS, the transfer
speed and fixing speed are decreased from V1 to V2, and the
transport interval is decreased from [.1 to L.2. Herein, if the
ambient temperature becomes the ambient lower-limit tem-
perature TL or lower (from time t2 to time t3), the controller
20 increases the output of the fixing heater 114. Accordingly,
since the fixing temperature of the fixing belt 102 is increased,
the fixation of the toner image TG is ensured. Further, since
the transport interval is decreased to 1.2, the decrease in
productivity is restricted.
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Also, in the image forming apparatus 10 according to the
second exemplary embodiment, the output of the fixing
heater 114 is restricted until the ambient temperature
becomes the ambient lower-limit temperature TL, and the
output of the fixing heater 114 is increased when the ambient
temperature becomes the ambient lower-limit temperature
TL or lower. Accordingly, in the pressure roller 104, the
phenomenon in which the temperature of the interface
between the core metal and the elastic layer is excessively
increased is restricted, and the elastic layer is restricted from
coming off. Also, an excessive increase in temperature of the
fixing belt 102 is restricted, and the curl amount of the sheet
P after the fixing is restricted from being increased.

The present invention is not limited to the above-described
exemplary embodiments.

Modification

FIG. 10 shows an image forming apparatus 120 as a modi-
fication of the image forming apparatus 10. The image form-
ing apparatus 120 includes four image forming units 124Y,
124M, 124C, and 124K that form toner images TG on an
intermediate transfer belt 122 that moves in a circulation
manner. The image forming units 124Y, 124M, 124C, and
124K each have a photoconductor 125, a charging unit 126
that charges the photoconductor 125, an exposure device 128
that performs exposure to light, a developing unit 132 that
performs development with a toner, and a cleaning blade 134
that cleans the photoconductor 125.

Also, the image forming apparatus 120 includes first trans-
fer rollers 136 that transfer the toner images TG on the inter-
mediate transfer belt 122 from the photoconductors 125, and
a second transfer roller 138 that second-transfers the toner
images TG from the intermediate transfer belt 122 on a sheet
P. The position at which the toner images TG are transferred
on the sheet P by the second transfer roller 138 is a second
transfer position TB. The second transfer position TB is on a
transport path 30, and a registration roller 38 is provided on
the transport path 30.

Further, the image forming apparatus 120 includes plural
transport units 142, as an example of a transport unit that
transports a sheet P; a fixing device 150 as an example of a
fixing unit that fixes the toner images TG to the sheet P
transported by the transport unit 142, and the above-described
controller 20. In addition, the image forming apparatus 120
includes the operation panel 19 (see FIG. 3), respective sen-
sors, and respective motors described in the first exemplary
embodiment. The transport unit 142 has a configuration in
which a belt is wound around two rollers and the belt is
movable in a circulation manner.

The fixing device 150 includes a fixing belt 102 wound
around plural rollers, a pressure roller 104 that presses the
sheet P, and a fixing heater 114 that heats the fixing belt 102.
The center position of a nip part N in the transport direction of
the sheet P is called fixing position Q. Also, in the image
forming apparatus 120, for example, the length in the trans-
port direction of the sheet P to be transported is smaller than
the distance between the second transfer position TB and the
fixing position Q. Further, in the normal environment, the
transport interval of the sheets P is L.

In the image forming apparatus 120, when the ambient
temperature becomes lower than the preset temperature, the
fixing speed is decreased and the transport interval is set to be
smaller than L. by the control of the controller 20. Herein, in
the image forming apparatus 120, since the sheet P is not
arranged at both the second transfer position TB and the
fixing position Q, the transfer speed and fixing speed may be
independently set without being affected by the condition of
the sheet P (bend or other condition). Accordingly, in the
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image forming apparatus 120, the transfer speed, fixing
speed, and transport interval are freely combined.
Other Modification

The transport unit is not limited to a belt-type transport
unit, such as the transport unit 90 and the transport unit 142,
and may be a roller type. Also, if the transfer speed and fixing
speed are independently set similarly to the aforementioned
modification, instead of the registration roller 38, control of
changing the transport interval L may be executed by the
transport unit 142.

The fixing unit is desirably a belt-type fixing device to
increase the nip width; however, the fixing unit may be a
roller-type fixing device that applies heat and pressure by a
pair of rollers. Also, the fixing heater 114 is not limited to the
halogen lamp, and may use an exothermic element that gen-
erates heat when being energized. Further, the fixing heater
114 may be electromagnetic induction type that causes a heat
generating layer of the fixing belt 102 to generate heat by an
electromagnetic induction effect of the magnetic field of a
coil generated when being energized.

The temperature measuring unit is not limited to the con-
figuration that directly measures the temperature outside the
image forming apparatus 10 (exterior). The temperature mea-
suring unit may be an indirect measurement type configura-
tion that is arranged in the apparatus body 11 and the tem-
perature measured in the apparatus body 11 is corrected to the
ambient temperature by using a correlation function etc.

The speed changing unit and the interval changing unit do
not have to be a single unit such as the controller 20, and may
be formed of different controllers.

The setting of the ambient preset temperature TS and the
productivity of image formation are not limited to the above-
described cases, and may employ other setting. For example,
if the ambient temperature becomes 15 [° C.], the fixing speed
may be decreased by 70 [mm/s] from the fixing speed in the
normal environment, the transport interval may be changed
from 60 [mm] to 50 [mm], and the productivity may be
changed from 90 [sheets/minute] to 70 [sheets/minute]. Fur-
ther, values different from these values may be set. Also,
without limiting to the control in which the respective speeds
are decreased and the transport interval is decreased if the
ambient temperature becomes the ambient preset temperature
TS or lower, the control may be executed if the ambient
temperature becomes lower than the ambient preset tempera-
ture TS. In this case, the controller 20 executes control of
increasing the respective speeds and increasing the transport
interval as compared with the low-temperature environment
if the ambient temperature becomes the ambient preset tem-
perature TS or higher (or higher than TS).

The foregoing description of the exemplary embodiments
of'the present invention has been provided for the purposes of
illustration and description. It is not intended to be exhaustive
or to limit the invention to the precise forms disclosed. Obvi-
ously, many modifications and variations will be apparent to
practitioners skilled in the art. The embodiments were chosen
and described in order to best explain the principles of the
invention and its practical applications, thereby enabling oth-
ers skilled in the art to understand the invention for various
embodiments and with the various modifications as are suited
to the particular use contemplated. It is intended that the
scope of the invention be defined by the following claims and
their equivalents.

What is claimed is:

1. An image forming apparatus comprising:

a transport unit configured to transport a plurality of

recording media having developer images transferred
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thereon, at a set distance between successive ones of the
plurality of recording media;

a fixing unit configured to fix the developer images to the
recording media transported by the transport unit, by
applying heat;

a temperature measuring unit configured to measure an
ambient temperature;

a speed changing unit configured to decrease a fixing speed
of the developer images in the fixing unit if the ambient
temperature measured by the temperature measuring
unit is a preset temperature or lower; and

an interval changing unit configured to decrease the set
distance if the ambient temperature is the preset tem-
perature or lower.

2. The image forming apparatus according to claim 1,

wherein the preset temperature includes a plurality of pre-
set temperatures, each of which is set in accordance with
a type of the recording media, and

wherein the speed changing unit selects a selection tem-
perature that is one of the plurality of preset tempera-
tures, in accordance with the type of the recording
media, and decreases the fixing speed if the ambient
temperature is the selection temperature or lower.

3. The image forming apparatus according to claim 1,

wherein a temperature lower than the preset temperature is
set, and

wherein the fixing unit increases a fixing temperature if the
ambient temperature measured by the temperature mea-
suring unit is the temperature, which is lower than the
preset temperature, or lower.

4. An image forming method comprising:

transporting a plurality of recording media having devel-
oper images transferred therecon, at a set distance
between successive ones of the plurality of recording
media;

fixing the developer images to the transported recording
media by applying heat;

measuring an ambient temperature;

decreasing a fixing speed of the developer images in the
fixing if the measured ambient temperature is a preset
temperature or lower; and

decreasing the set distance if the ambient temperature is the
preset temperature or lower.

5. An image forming apparatus comprising:

a transport device comprising a support roller, a driving
roller, and a transport belt, wherein the transport device
is configured to transport a plurality of recording media
having developer images transferred thereon, at a set
distance between successive ones of the plurality of
recording media;

a fixing device comprising a fixing belt and a pressure
roller configured to fix the developer images to the
recording media transported by the transport device, by
applying heat;

an ambient temperature sensor configured to measure an
ambient temperature; and

at least one processor configured to decrease a fixing speed
of the developer images in the fixing device if the ambi-
ent temperature measured by the ambient temperature
sensor is a preset temperature or lower,

wherein the at least one processor is configured to decrease
the set distance if the ambient temperature is the preset
temperature or lower.
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